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Abstract 
Carbon dioxide molecules are preferentially adsorbed on coal surface, which reduces adsorbing oxygen and inhibits process of coal-
oxygen adsorption. Through carrying out temperature-programmed experiment, inhibiting effect of carbon dioxide on process of coal-
oxygen adsorption was studied, concentration values of O2, CO and CH4 produced by coal samples under different concentrations of 
carbon dioxide were measured, and law of concentration of carbon dioxide affecting consuming rate of oxygen and producing rate of 
carbon monoxide was analyzed. Results show that 37%-50% concentration of carbon dioxide has obvious inhibiting effect on oxygen 
consuming rate in process of coal’s oxidation, and can reduce producing rate of carbon monoxide and methane obviously, which indicate 
that carbon dioxide can effectively inhibit process of coal-oxygen adsorption and prevent spontaneous combustion of coal. Experimental 
results could  guide the development and application of fire preventing technology relating to carbon dioxide. 
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1. Introduction 
Spontaneous combustion of coal is a very complex changing process of which main participating matters are coal and 
oxygen. Coal has strong capacity to absorb oxygen. Its spontaneous combustion undergoes three stages which are 
respectively physical adsorption, chemical adsorption and chemical reaction [1]. The former two stages are important to 
spontaneous combustion of coal, because they could supply oxygen needed for oxidation of coal molecule under low-
temperature. So coal’s spontaneous combustion can be prevented efficiently through inhibiting coal-oxygen adsorbing 
process. 
Relative research has made different levels of coal under the same balancing condition respectively adsorb CH4, N2 and 
CO2. The order of adsorbing amount of gas is CO2> CH4> N2 [2]. As coal’s adsorbing power to N2 is stronger than O2, CO2 
can affect process of coal-oxygen adsorption under low-temperature [3]. 
2 Analysis of carbon dioxide’s effect on coal-oxygen adsorbing process  
Coal-oxygen adsorption is a dynamic process. It is temporary for oxygen molecules to attach to surface of coal body. 
Some oxygen molecules can convert to chemical adsorption, getting ready for chemical reaction, and some others can leave 
the surface of coal with certain energy. After an oxygen molecule leaves its physical adsorbing location, this location will be 
taken up by another oxygen molecule [4]. If no other affecting factors, adsorption and desorption go on from time to time 
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between coal’s surface and three-dimensional oxygen molecule, finally achieving adsorbing balance and turning to relative 
stable state. 
Coal’s adsorbing capacity to carbon dioxide is far better than to other gas especially with pressure increasing [5], so 
certain concentration of carbon dioxide will compete for active sites with oxygen, which will affect coal-oxygen adsorbing 
process. 
The effect of carbon dioxide on coal-oxygen adsorption is mainly in physical adsorbing stage. When residual force field 
on coal’s surface needs to adsorb gas molecules, carbon dioxide molecules will squeeze oxygen molecules’ adsorbing space 
and be preferentially adsorbed. Large amount of carbon dioxide molecules will be absorbed by coal, wrapping coal body, 
reducing adsorbing of oxygen and reaction between coal and oxygen. Then the coal oxidation will stop as a result of lacking 
oxygen, and the goal of inhibiting coal’s spontaneous combustion can be achieved finally. 
3 Temperature-programmed experiment 
3.1 Experimental devices 
As showed in Fig. 1, temperature-programmed experiments include gas supplying system, temperature-programmed 
system and gas sample analyzing system [6]. Gas supplying system contains compressed-air bottle, pressure reducing valve, 
glass rotameter and displaying instrument, and they are connected together with latex tube. Temperature-programmed 
system contains incubator and temperature-programmed controlling device, with spiral preheating tube and sample pot 
being fixed in box. Gas sample analyzing system contains gas bag and gas chromatographic analyzer. 
 
1. air bottle; 2. pressure reducing valve; 3. glass rotameter; 4. temperature-programmed controlling box; 5. gas inputting preheating copper tube; 6. coal 
sample pot; 7. gas outletting copper tube; 8. Thermocouple thermometer; 9. gas bag 
Fig. 1. Schematic diagram of temperature-programmed experimental devices 
3.2 Experimental condition and process 
Samples were obtained from 15# coal seam of Shanxi Shigang Coal Co., Ltd, then it was smashed with ball mill and 
screened. Five kinds of granularities of coal samples including 0-0.9 mm, 0.9-3 mm, 3-5 mm, 5-7 mm and 7-10 mm were 
mixed, each kind accounted 20% of mixture. Experimental amount and loading height of coal were respectively 1.0 kg and 
20 cm. Supplying flow of gas was 100 mL/min, the concentration of oxygen in the supplied gas is 20.95ˁ. Rising rate of 
temperature was as follows: 0-110 ć, 0.5 ć/min; 110-210ć, 1ć /min; 210-330ć, 2 ć/min. 
Relative research has shown that 30%-50% concentration of carbon dioxide has good inhibiting effect on coal’s 
spontaneous combustion [7]. In this experiment, concentrations of carbon dioxide in gas mixtures were respectively set as 
26%, 31%, 37%, 42% and 50%, and raw coal sample input air was set as contrasting material. Experimental condition is 
shown in Table 1. 
 
 
                                              Table 1. Experimental condition at programmed temperatures 
Coal sample Granularity Average particle diameter Coal’s weight Coal’s volume Bulk density Concentration of CO2 (mm) (mm) (g) (cm3) (g/cm3) (%) 
Raw coal Mixed particle diameters 4.02 1003 1368 0.73 air 
1# Mixed particle diameters 4.02 1001 1350 0.74 26 
2# Mixed particle diameters 4.02 1004 1372 0.73 31 
3# Mixed particle diameters 4.02 998 1332 0.75 37 
4# Mixed particle diameters 4.02 1001 1350 0.74 42 
5# Mixed particle diameters 4.02 1000 1352 0.74 50 
 
In the experiment, the temperature of gas samples was 30ć at begining, and then 20ć was increased in one run, until 
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330ć after 16 runs. Curves were drawn according to the obtained data, and analysis of oxygen consuming rates and gas 
producing rates were carried out.  
4 Experimental result and analysis 
In the experiment, concentrations of oxygen, carbon monoxide and methane of coal samples were determined under 
different temperature. 
4.1 Analysis of concentration of oxygen and oxygen consuming rate 
In the experiment, the curves of oxygen’s concentration changing with temperature were shown in Fig 2.The oxygen 
consuming rates were computed, and curves of oxygen consuming rate changing with temperature was shown in Fig 3. 
As Fig 2 shows, consumption of oxygen was increased with temperature rising, and the falling rates of oxygen’s 
concentrations of 1#-6# coal samples are all larger than raw coal.  
 
 
 
 
 
 
 
 
Fig. 2. Curves of concentration of oxygen changing with temperature under temperature-programmed condition 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Curves of oxygen consuming rate changing with temperature under temperature-programmed condition 
As Fig 3 shows, oxygen consuming rates of samples input carbon dioxide are all smaller than that of raw coal (pure air 
condition), which indicates that carbon dioxide can reduce oxygen consuming rate of coal in process of spontaneous 
combustion and reflects the inhibiting effect of carbon dioxide on coal-oxygen adsorption. Although 26% concentration of 
carbon dioxide has certain inhibiting effect, it is not stronger than raw coal sample. However, inhibiting effect of 37%-50% 
concentration of carbon dioxide is so obvious that oxygen consuming rate of coal sample is far smaller than raw coal sample 
during the temperature rising process. 
4.2 Analysis of carbon monoxide producing rate 
Curves of carbon monoxide producing rates of samples input different concentrations of carbon dioxide changing with 
temperature were drawn, as shown in Fig 4. 
As Fig 4 shows, with temperature rising, CO producing rates of all experimental coal samples rise to varying degrees. 
CO producing rates of samples input carbon dioxide start to rise at about 90ć, later than that of raw coal sample. With 
concentration of carbon dioxide increasing, carbon monoxide producing rates decrease. When temperature is above 170ć 
and concentration of carbon dioxide is 37%-50%, carbon monoxide producing rate is at a lower level, having more 
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difference with that of raw coal sample, which indicates that carbon dioxide has inhibiting effect on coal producing 
monoxide, and the inhibiting effect of 37%-50% concentration of carbon dioxide is very obvious. 
 
 
 
 
 
 
 
 
 
Fig. 4. Curves of carbon monoxide producing rate changing with temperature 
4.3 Analysis of concentration of methane 
Curves of concentrations of CH4 changing with temperature when inputting different concentrations of carbon dioxide 
were drawn, as shown in Fig 5. 
As Fig 5 shows, in temperature range of 30ć-70ć, all curves’ changing laws are basically the same, which indicates 
that methane gets desorption to some degree in this stage; in temperature range of 90ć-130ć, methane producing amount 
of mixed sample increases obviously and is larger than that of raw coal sample, which is because high temperature 
accelerates air to flow toward export from bottom of coal sample burette, making methane not completely released in 
previous stage get desorption; in temperature range of 130ć-330ć, amount of methane produced by raw coal sample is far 
larger than that produced by mixed sample, which indicates carbon dioxide’s inhibiting effect on oxidation of coal body 
under high-temperature condition. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Curves of concentration of methane changing with temperature under temperature-programmed condition 
Through previous analysis, what can be known is that carbon dioxide can inhibit coal-oxygen adsorbing process and 
efficiently stop oxidation of coal, as inhibiting effect of 37%-50% concentration of carbon dioxide is very obvious. 
Considering economic cost comprehensively, 37%-42% concentration of carbon dioxide can achieve the goal of inhibiting 
coal’s oxidation and spontaneous combustion. 
5 Conclusions 
Carbon dioxide has good inerting and inhibiting effect on coal’s spontaneous combustion. 37%-42% concentration of 
carbon dioxide can achieve the goal of inhibiting coal’s spontaneous combustion in site application. The technology of 
preventing fire with carbon dioxide has broad applying prospect in work of preventing spontaneous combustion of coal 
seam. 
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